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BIGH~-POWER HIOH-FRIGUENCY TEST STAND VIU-I MAI-VIAM (VIBRATION
TEST STAND L OF THE MOSCOW AVIATION INSTITUTE AND THE ALL~DNION
INSTITUTE OF AVIATION MATERTALS) FOR TESTING THE EXDURANCE AND
VIBRATION STRENGTH OF PARTS AND URITS OF JET ENGINES AND AVIATION
MATERTALS
/ This is a transiation of an article written by A, M, Sulims,
M. I. Yevsiigneyev and V. M. Trusov in Nauchnyye Deklady Vys- .
shey Shioly, Mashinostroyeniye i Priborostroyeniye (Reperts of
School of Higher Learning, Construction of Machines and Apparaiue),
No, 2, Moscow 1959, pages 110-119./

The problem of the fatigue strength of metals has a special bearing
on the development of modern alrcraft engine design, The parts of these
engines work under enhanced loads and high-temperature conditions, Gas=-
turbine blades in jet engines are subjest to particular strain end their
endurance largely determines the life of standard-type Jet engines, Ope-
rating experience shows that premature breakdown of turbine blades i trace-
ableto fatigue inmost caszes.

A subgtantisl drawback of present-day technolegical testing of heat-

resistans materials rescides in the fact that the conventional fatigue=

o

esting machines of the QZIP, II = 391 and other types presently applied
are lowespesd nachines which do not permit of parforeing endurance tests
for alleys ab high frequencies; the maxdimum frequency attainable ranges
between 50 and 200 cps, whereas the gas-turbine blades of jel engines are
operating ab higher fx*ecga&ncies; Notably, the fraquency of bending vibra=
tions of the blades reaches 800 = 1000 cps on the dst tone and 3000 =
3e500 cps on the 2nd tone; failwe occurs mostly under condibions of re=
semance vibrations invelving frequencies of an order above the ist-tone
level, There have been cases of blade failure on levels as low as the
LSth harmonice For this reason, a satisfactory solution of the problem
of prolonging the life of existing and newly designed alrcraft engines
rests on the necessity of conducting fatigue tests for blades and blade

materials at high-frequency loads and creating highe frequency test
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equirment, The highepower vibration test stand VIU = 1 MAI - VIAM, de=
signed on orders from the aireraft industry at the Chair “Alrcraft Engine
Production® at the Moscow Order of Lenin Avistion Institute im, 8, Ordzho-
nikidze permits of conducting fatigue tests for specimens of heat registe
ant materials at high tem peratures in a wide range of controllable free
quencies (50 to 3000 cps) as well as tests on actual gas-turbine blades in
a ragine a_.pproachmg gervice conditions in an operating engine. The pute
ting indo service of this test stand is of vital consequence to the air-
crafi industry in the study and technoleglcal research of new kinds of
blade materials, On this stand, it is also possible to test the vibrae
tion strength of cermets and diffusion coatings, welded and soldered
junctions, the effectivemess of age-hardening techniques, the influence
of the shape factor and other geometric parameters of the product on its

endurance, etc,

This test stand represent.s a high=power testing machine of the reson—
ance typse Its vibration excitation system consists of & powerful elec=
tronic é:nplirier and an electromagnetic convertere * The stand is oper=
able in conditions of selfwemcitation and by independent excitations Te
ensble its being operated the latter way, the vibration stand is equipped
with a 8G = 12 sound generator which tranamits pulses directly to a power-
ful amplifier, In conditions of natural oscillation the stand operates on

the principle of a pitch auto-generator as is applied in radictechnics for

3% le Panchenko, "Method of Exciting Vibrations in Turbine Hlades for
Fatigue Tests", candidate's thesis, 1954 Central Technlcal Design In-
stitute ime Polzumovs™™ = __ 2 —




frequency stebilization; in the natural escillatiom system of the test
stard the piteh is set by the specimen itself. The principle ef opsera=~
tﬁiﬁé of the shaxd is clearly seen from the subjoined schematic diagrem
(Fige Lo

The specimen { or blade ) to be tested is attached te a bracket beam
sy means of & speclal holders The fres end of the bean jia placed between
the poles of & powerful electromagnet, The poles are provided with induc-
bion coils cemmected to ‘a high-power amplifier. In pessing through the ine
duction colls the a.c. adjusted te the sound frequency creates periodie
electramagunetic attractive forces causing vibrations in the beam which
are transmitted to the test spesimen, In the case of resonamce frequency
vibration, that is, whemvesi the frequency of the perturbing ferce of
the m&,éaetic field acting upon the beam colncides with the natural-oscil-
lation freouency of the specimen, latterts vibration amplitude is at its
saximum, while that of the bean is bound to be very low, i.e, the beam
Ls virtvally motionlesss
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Simplified schematic view of the VIU-1 test stand
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Thus, in this vibration system the test specimen functions as dynamic
shgorber of the energy of the forced vibrations of the beam which, in
its twn, achs merely as transmitter of the oseillation energy from the
magnetic £ield to the specimens The frequency of the perturbing force
. acting upon the system beam-specimen may be set elther by the sound genew
rator (56-12)- in the case of independent excitation ~ or by the test
specimen itself via the transmitter, . acting on the principle of selfw
excitatien. In the latter case; & closed vibraticn system specimen -
transpitier - 8aCe magnetic field = beam«-«» specimen is created, in
which the test stand operates under conditons of natural vibratione

Ophimum Parameters of a Natural=-Vibration System of
A ggratien of the Test Stand

Tha optimum parameters of a natural~vibration regime of operation of
the test sband may be determined by reference to the elementary schema of
the auntogenerator. This operational regime may be represented by an aqui-
velent oscillatory an_oide circuit with the following elements connected in
geriess G - capacibance; Lo~ inductance, énd Ry~ active registance
(L.c o o) where L, and Gy determine the resonance angulsR rrequencyc@, and
R, characterlizes the energy losses (by internal friction, radiation, etce)¥
When closging this circuibt by a feedback element having a tranenission fac—
tor Kpy we obtain a sound frequency enxtogengrator, a simplified schema~
tic via'# of which is shown in Fige 2

3*
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Fige 20 Simplified schematic view of a sound frequency autogenerator

The parameters of the optimum operating conditions of the vibration
test stand are determined from an anlysis of the equilibrium equation for
the given autogémerater, which may be written in the general form as fol=

lowss

—
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Sepl 2, (Joa )| K, (fo,)! [/ 45,) 1, (1)

vhere Sm is the mean traansconductance of the tubej
Zs 1is the impedance of the equivalent anode circuit;
Ky is the feedback factor;
;f@z 'ff are argunents of the mean transconductance of the equivaw
lent oscillatory anede circuit and of the transmission factor
of the feedback circuit K., (3&2);
mr is the resonance angular fregquency of the equivalent oscillam
tory circuite
From this equation we may deduce the following two conditions of
optimum operation.

—_—
1) the product of the moduli of the quantities S, Z ® )
o “e (§ W,




fend K, (j6J)) mst be egual to unity:

S 2K, =l (2)

2) The sum of the phase shifts in the closed circult of the autom

. ~
generator mist be equal to the imteger 279 2

Rk gt g, 2N (39

ie 8e

Vo €

where n is zero or any integral numbers

The first condition is easy to comply with by way of altering the
amplification factor of the amplifia;‘. The gecond condition can only be
satisfied provided the phase equilibrium in the closed autogenerator cire
cult ie maintained, The combined frequencyephase characteristic of the
ammplifier of the equivalent plste lead and the feedbaci_; circuit depends
on the frequency of the oscillation cirecuit 7 2= f ' ca and may be







The problem of selecting the system of excitation of the vibratiems

mci stabilizing the operating conditions for their generation was ap=
gineering. '

sroachedfrom the dngle of ‘radic ebf, This has resulted in a vibraticn
est stand. of novel design and of a quality that surpasses the one of a
similar type designed by the Central Tecinical Design Institnﬁ ime Pol=-
ranovas The applicstion of 't.he principle of & pitch autaéenerator, on
firich the excitation schems of the VIU = I MAI - VIAM is based requi-
ed degign features and the creation of new block diagrams which were

acking in setups of similar type described in the literature.

Block Diagyam and Structural Features of Basic
. Units of the Tesgt Stand

Following are the basic units of the vibration test stand (ses Fig.3):
1. Excitation unit (pulse generator)

2s Phasge rotator
'3¢ Amplifier « limiter
Le Power amplifier

5, Electramagmetic converter

6e. Feoding source and CBS (Controlling, Blocking and
Signe ling) system

-7« Measuring apparatus,

The excitation unit is fitted to operats on two systems: a) for in-
ependent excitation, using the 5G-12 sound generator which tranemits
scillatory Pulser directly to the highpower amplifier (for rescnance
dbration, the mechine is tuned by manual f®uency-variation of the pul-
o generator) ; b) in the natursleoscillstion system, the pulse transmit-

ing element is the test specimen itself which is electrically connected




b0 the amplifier through the tranmitter, The mechanical vibrations of
the spe_c:‘émen are transformed By the pulss transmitter into electric oo
sillations which, in turm, are tranamitied to ihe phase rotatore The
letter ensures the necessary conditions for selfeexcitation of tﬁé gene-
rebor and the opbtimum natural«oacﬂ.lation pattem that suits the masmmnn
ficiency of the installaticn. From the phase rotator the pulse is trans-

mitted to the guplifier-limiter and, thereafter to the power amplifiere

Thé mplﬁiermiﬁiiter of the standard type T = 5 =~ 3 serves as stabi-
lizer of the input veltage which maintaﬁﬁs the eo;mtancy of excitation

of the high-power amplifier following next.

!l!
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Fige 3 Block diagram of vibretion test stand VIU - I
1 - excitation unit; 2 = phase rotatory 3 = smplifier-limiter; 4=
pewer amplifier; 5 = alectromagnetic convertery 6 - sound generator;

7 = cycle counter; & = frequency meter; 9 - electronic indicater of
specimen failure; 10 = measuring device for vibration amplitude of
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;f»ecimen..

Thence the amplified oscillations pass to the glectromagmetic cope
erter and are converted to mechanical vibrations of the beamwspecimen
ystem,

The power amplifier represents the most important unit in the setups
he qualn.ty of its desién iz determinative for the stability of operation
£ the test stand as a whole, The amplifier is built as a four-stage
ushepull circuit system on powerful tubes with high=voltage Besupplye
he first >stage comprises two 6 PzS (beam tetrode) tubesy the second
preliminary) stage operates on jwo M - 60 tubesy impedahce—cbupled
n the anode circuit, the third (pre-output stage) on four GM~100 type
ubes, and the fourth (output stage)en two water-cooled G452 tubes,
he output stage is equipped with a powerful (MA~210/35 transformer with
, high=inductance primary coil ensuring gatisfactory frequency response
£ the amplifying channel and quite insignificant nonlinear distortions
n the highefrequency rangee

A highepower rectifier, built on the pattern devised by Largonov
n six phanotrons of the type VG - 237, is used for B-supply of the
mplifier tubes, The phanctron heaters are fed fram six separate transe—
ormers, while the anode current is supplied fram a ZTM = 75/10 trans-
‘oymer. Connected to the plate circuit of the output stage of the ampli-
‘jer are relays of minimum protection which operate to switch off the

est stand in case of breakdown of any of the tubes. To stabilize ope—
ation of the amplifier, the wiring diagram provides for high- and
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low-frequency limitera and obher supplemerta. al widls which e miit of

farepsastivg adiustuent of the current flew in the circuit, little de-
pedert on ITeCUEntYe Thcmugh shielding of all awplifisr stages
wares :r"e.',i*ﬂbl@ protection from the lnfluen we of fields gensreted by the

“““““ ws units within the whole system of the high-power meplifier, The

iatter is mowunbed oi & sepsrate metal frame Mpx*eg..,n’s‘, ing an openg I
welded ghiueture, The enbire circoudd of the m phepetrey smplifier iz spp-

ied with thresephase 50 eps 220 v dltermobing curverd frem the maing}

the #011 entpat velbage is 240 ve The frequency baryd reproduced by Lhe

&
ampliiier l“i:’s es in the range of fvom 50 to 10,000 cpss The ratead oulpul

© of the amplifier at an effestive oubnub level of 240 v and & lsad

23

57 2 to 3 chms amounts te appreximately j&, ks

Wy s
Ze he Ceneral view of m;metic convarier

by

‘ ,;?' ectromagnety &~ induction colls; 3 = beam; 4 = supports 5 =~ vibras

ring L ble; 6 = te% specimex;, 7 = holderj 8 = highetemperaturs furnzces
§ e microscope ‘ ‘
11




Converter
The vibration test stand VIU - I MAI~ VIAM is equipped with con-

verters of the following three types for converting the e]%tric pewer to
mechanical vibration energy in the test specimens
1, An electromagnetic converter for testing apecimené in the frequenw
cy range of 100 = 3000 eps;
2, An electrodynamic converter for tests at frequencies ranging from
1000 to 5000 eps; and
3+ A magnetostrictive converter for frequencies between 5000 and
15, 000 cpse
The electromagnetic converter ( Fig. 4) consists of an electromag-
7 1, induction coils 2 and a steel beam 3 having a cross section
of 45 by 45 mne The electramagnet together with the voice coils is
mounted on a carriage which by means of a wQ:ﬁ gear is fitted to travel
horizontally along the directional. grooves provided in the supporting
plates A general view of the magnetic converter is presented in Figele
Two types of electrodynamic converters are uses, Vize, with a short =
circuited coil and with a movable SKBIM voice coil, The magnetestric-
tive converter is in the blueprint stage.

General W Diagram and CBS (Contrel, Blocking and
Si Systen

A1l units of the vibration stand are located in a separate roam and
have been designed for convenient sei‘vicingo The high~voltage oil trans-
formers OMA 210/35 and 2T - 75/10 are placed in an insulated compart-
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mente The transformers are cornected with the high-power amplifier by
mesns of buab’ar;s mounted along the wall on highwvoltage insulators with
protective groundings The power ‘cable and the highwveltage wiring conme
necting the diff&rem units are laid out in clesed trenches, High-pam
KT =23 A type cont acters, mounted en & separate pewor panel, are
applied for feeding the stand from the mains. The conbrel switches and
regulating instruments are arranged on & special shielded control desk
hich alse seﬁea aa & bulkhead separating the high-power amplifier unit
from the converier and the vibration stand propeXe Access to the compart=
pent accommedating the highwpower amplifier is by én electrically bled ed
one-leaf metal door provided with a protective relay eysteme

}_g__m_nevicsa

A stereoscopif MBS = 2 microscope is used for measuring the vibra~
tien amplitudes of the test specimen. The nicrosceps gives an erect. three=
dimensional image and 3e5 te 119 power at a field of vision of 39 4—1.9 i
and a constant focal lemgth of 64 mm for all magnifications.

The operating freqaency is meagured with an ICh - 6 generator=type
elactronic frequmey' meter with an accuracy to within 1¢5 % in the range
of 100 to 20,000 cpse

A radiomster ef the type P8 = 10,000 (Flocks) is utilized for coun=
ting the mmber of cycles wp to failure of the speciment, The mstnment
conelsts of separate counting wmits covering a range of up te 10 cycles
(with an accuracy of 1 oycle)e

- Highwtemperaturs tests are performed with the aid of a special ce-

13




ragle electric furnace, This shaft~typs furmace is designed on the
graded-resistance pattern, which ensmures the necessary uniformity of
temperature distribution in the zone of location of the test specimen,
Spiral coils of 5 wm - wire made of an EI = 626 alloy servs as heatérs.
A wayimum effective temperature of 1000° C is attained, The fummacs is
installed on the vibrating table by means of a special frame, along
which it is allowed to travel in a horizonbé.}. direction parallel to the
vibrating beam, belng Pastened in thé desired position relative to the
test specimen, The heating furnace, which is fed froam a separate power
panel, is gwitched inte action by means of two type P=~/d3 welded magnetie
gtarters controlled by a 3=position electric regulator representing & re-
lay-type block with a system of blocking contacts and a manipulator, Ad-
justment of the set temperature regime of the furnace is by automatic cone
trole

The temperature of the specimen is maintained automatically and is
measured from the raaéings of measuring thermocouples adjusted in the
heating chamber of the furnace near the surface of the specimen (at a dise
tance of 4zm)e The temperature is controlled and au‘r.omatiéally adjusted
from an independent control desk equipped with two EPP-06 potemtiometers
as well as blocking and signaling devices, A con®@d% temperature in the
cold thermocouple Junction is maintained by means of a type TSKh thermo=
stat comnected to the control panel through a 220/85 reducing transformer,

With the aid of automatic thermoregulatiocn the temperature level in the
furnace is maintained to within & 1%,

14
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pwhere 1 is the calculated length of the specimen in mmj
o is the root of the equation for the inflective form of the
bean vibration;
£ 1s the test frequencys vib/sec;
je the modulus of elasticity in kg/m
L

is the moment of Ainertia Inmm 3

T ]

. 2, 2
is the mass per umit length in kg/sec /Izm’ﬁ;

B

The test specimen is clamped in the holder and is adjusted on the
wean in & resonance poaitlions Switch:.rg on the vibration stand and brine
ging it up to the operating vibration range ab & presat frequency and ampli-
tude is carried oub according to gervice instructionse Operating condition:
for the instaliation are established under the testing program and kept
constant for the enbire duration of the tegts up to the moment of failue
of the specimen, Control over the stabiliby of operating conditions is
achieved by consbtant observation of dials and the readings of auntonatic
devices recording the temperature and vibration frequency of the speciluen.
In the tests, the specimens are brought up to failuree Their vibration
smplitude is kept stable over the whole duration of the test up to failure
point,

The magritude of the vibration amplitude is determined with t,he MBS=2
microscope from the widening of a notch made at one end of the specimells
Ap ascuracy of t 3 /—L in amplitude measurement is assured. The number
of cycles recorded up to the instant of failure is read from the dial of

the PS = 10,000 electronic counters The sbress in the zone of‘ failure

of the specimen is detemined frum the Formula
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3,50Fd (7)

5
o h2Ed oy
a=eii=l L A kegfen

where A is the vibration amplitude at the peak of the specimen in mm;
1 is the calculated length of the specimen in mm;
E is the modulus of elasticity in ke/mmj
d is the diameter of the specimen in mm .
Stress meamring prodedures for test specimens' also provide for
the application of wire resistors, apart fram the optical method. _
The manufacture of wire resistors and the preparation of speci-

mensg for tensometric measurement is subject to special procedures,

Operating Characteristics of Vibration
Test Stand VIU - I MAT =~ VIAM

The vibration test stand was put into operation in March 1958 and
has éince been used for fatigue testing of various materials., From the
startups it has been in operation for 1000 hours of machine time without
needing repair, Throughout the peried of actual service and trial runs
at different leads the machine revealed a high degree of stability and
dependablility of 21l its units, The automatic equipmgn‘b and the system
of electric ard mechanical blocking operate satisfactorily and possess
the nesessary protective properties, |
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Fige 6. Diagram showing the frequency characteristics of the imstallation
1 = output amplifier; 2 - amplifierwlimiter; 3 - entire ampdie

fier circuit

Bafore starting the programmed tests, the frequency and amplitude
characteristics ef the axgplifier were taken. The data obltained are plot-
ted in Figs. 6 and 7o It is seen that in the preset frequency range these
characteristics do not show large diet.értims wder load and that sll mea-
gurement units work with due stabilit;y. The output power of the amplifier
circuit reaches about 30 kv, which permits of testing for fatigue and vib-
ration not onlj specimens, but also large-size turbine blades, The excita~
tion method applied dn this test stand makes it possible to genera.te strong
vibrations in the specimens and blades tested and to bring them up to fdi-
lure due to fatigue,

% %

The high-power highefrequency vibretion test stand VIU - I MAI-VIAM

has shown a high measure of dependability in operation and stability of
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preset testing conditionse On this test stand it is possible to per-
form fatigue taéts of specimens and parts made of both magnebtic and note
magnetic materials in a wide range of controllable frequemcies (50 to
3000 eps)e The machine is equipped with high-temperature furnaces with
automatic thermoregulation and precise apparatus for measuring vibration
frequencies and amplitudes with electronic counters and other devices.
The tests conducted on the VIU = I MAI~VIAM on heat-resistant alloys
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Fige 7e GCraph showing characteristics of entire amplifyer circuit

make the closest possible approach te reality in simulating their service
in actual engine operatien, using only a fraction of the time required
to obtain a fatigue cwrve on conventional fatiguestesting machines, This
is of eminenmt Importance for {.he creation of new kinds of heateresistant
materials and for obhtaining final data for the Specisl Design Burean in

rrojecting turbine blades and cempressors operating at high frequencies.

This paper has been presented by the Chair of Received by the
"&iyeraft Engine Production® at the Moscew Avie~ Editors
wtbion Ingtitute ims Se Ordjonikidze on March 10, 1969

2175 END
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